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(57) ABSTRACT

A radiation detector includes two reflecting plate lattices that
are combined into a single reflecting plate lattice. The use of
such a structure simplifies the manufacturing of a scintillator.
The radiation detector reduces the number of reflecting plate
lattices that are stacked when manufacturing the scintillator,
enabling the scintillator to be manufactured easily. Moreover,
the number of reflecting plate lattices to be manufactured is
reduced, reducing commensurately the number of compo-
nents required for manufacturing the scintillator. The scintil-
lator may be manufactured more easily and an inexpensive
radiation detector may be obtained.
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1
RADIATION DETECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
patent application No. 2013-109223 filed on May 23, 2013,
the entire contents of which are hereby incorporated by ref-
erence.

TECHNICAL FIELD

The present disclosure relates to a radiation detector
wherein scintillator crystals are arranged in three dimensions,
and, in particular, relates to a radiation detector provided with
reflecting plates for discriminating florescent light emission
locations in the depth direction.

BACKGROUND

Some radiation detectors for detecting radiation such as
gamma rays look like that which is shown in FIG. 21. Such a
radiation detector 51 has a scintillator 52 wherein scintillator
crystals ¢ are arranged three-dimensionally in the length,
width, and height directions, and a photodetector 53 for
detecting fluorescence emitted from the scintillator 52. The
fluorescence that is emitted by the scintillator 52 is that which
has been converted from radiation (see, for example, Japa-
nese Unexamined Patent Application Publication 2004-
279057).

The radiation detector 51 has a function for discriminating
the part of the scintillator 52 that emitted the fluorescence
when fluorescence is measured. Such a function is known as
a fluorescence location discriminating function. The radia-
tion detector 51 identifies the location of the fluorescence by
identifying which of the scintillator crystals ¢ that structure
the scintillator 52 emitted the fluorescence.

If the scintillator 52 were structured by simply arranging
the scintillator crystals ¢, accurate fluorescence location dis-
crimination would not be possible. In particular, it is neces-
sary to provide reflecting plates 54 for reflecting the fluores-
cence in gaps between the crystals that structure the
scintillator 52 in order to be able to discriminate which of the
crystals, arranged in the height direction, indicated by the
shading in FIG. 21, was the crystal that emitted the fluores-
cence.

The structure of the reflecting plates 54 will be explained.
There are two sets of reflecting plates 54, those extending in
the crosswise direction and those extending in the lengthwise
direction, each having the same height as the crystals. The
reflecting plates 54 that extend in the crosswise direction and
the reflecting plates 54 that extend in the lengthwise direction
are fitted together so that the reflecting plates 54 structure a
grid-shaped reflecting plate lattice. The crystals are arranged
s0 as to fit into the reflecting plate lattice. FIG. 22 illustrates
the reflecting plate lattice schematically.

The scintillator 52 of a conventional radiation detector 51
is structured by stacking, in the height direction, scintillator
crystal layers wherein scintillator crystals ¢ are arranged in
the lengthwise and crosswise directions by fitting the crystals
into reflecting plate lattices. When manufacturing this type of
scintillator 52, the number of reflecting plate lattices must
equal the number of layers of scintillator crystals. For
example, manufacturing the scintillator 52 of FIG. 21, which
has four scintillator crystal layers, requires four reflecting
plate lattices.
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However, in recent years a scintillator 52 of a new structure
has been developed. Specifically, itis a scintillator 52 wherein
the crystals ¢ in FIG. 21 are monolithic in the height direction,
as illustrated in FIG. 23. The use of such a scintillator 52
improves the sensitivity of the radiation detector 51. Unlike
the structure that has four layers of scintillator crystals as
shown in FIG. 21, with the scintillator 52 of FIG. 23, the
fluorescence is able to arrive reliably at the photodetector 53
(see, for example, International Patent Application Publica-
tion WO 2009/101730).

Such a scintillator 52, explained using FIG. 23, is also
provided with four reflecting plate lattices that are structured
from reflecting plates 54. The reflecting plate lattices enable
the radiation detector 51 to discriminate the location of the
emission of the fluorescence for the vertical direction.

However, the conventional radiation detector has prob-
lems. Specifically, the conventional radiation detector 51 is
difficult to manufacture.

That is, in order to manufacture the conventional scintilla-
tor 52 it is necessary to stack four reflecting plate lattices in
the height direction and then to load the scintillator crystals
into the openings in the reflecting plate lattices. The reflecting
plate lattices are structured from rectangular reflecting plates,
and are flexible. Stacking four such flexible reflecting plate
lattices is not easy. Consequently, manufacturing a scintilla-
tor 52 with the conventional structure requires rather complex
operations. If the scintillator 52 is difficult to manufacture, the
manufacturing cost of the radiation detector 51 is commen-
surately higher.

Moreover, with the conventional scintillator 52, four indi-
vidual reflecting plate lattices must be prepared. When the
reflecting plate lattices must be manufactured individually,
the number of components for structuring the reflecting plate
lattices is increased commensurately, and more labor is
required when manufacturing the reflecting plate lattices.
This labor further complicates the manufacturing of the scin-
tillator 52, resulting in a commensurate increase in the manu-
facturing cost of the radiation detector 51.

SUMMARY

The present application is the result of contemplation on
such a situation, and the object thereof is to provide a radia-
tion detector that can be manufactured easily.

In order to solve the problems set forth above, the subject
matter according to the present disclosure has structures such
as the following. The radiation detector according to the
present disclosure is a radiation detector provided with a
scintillator wherein scintillator crystals for converting radia-
tion into the fluorescence are arranged in the crosswise and
lengthwise directions, and wherein there are four layers, a
first layer through a fourth layer, in the height direction. A
plurality of reflecting plates extend in the crosswise direction
or the lengthwise direction, for reflecting the fluorescence, in
the gaps between mutually adjacent scintillator crystals.
Reflecting plates that extend in the crosswise direction are
arranged in the lengthwise direction with spacing equal to the
size of one scintillator crystal so as to alternate between the
first layer and the second layer of the scintillator. Reflecting
plates that extend in the lengthwise direction are arranged
spanning the first layer and the second layer of the scintillator
and with spacing equal to the size of two scintillator crystals
in the crosswise direction. The reflecting plates that extend in
the crosswise direction and the reflecting plates that extend in
the lengthwise direction are fitted together to structure a
reflecting plate lattice that has the same height as two layers of
the scintillator.
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Moreover, in the radiation detector as set forth in the
present disclosure, the third layer and fourth layer of the
scintillator may also use this same structure. Moreover, the
radiation detector according to the present disclosure may use
the same structure for the third layer and the fourth layer of
the scintillator as well. That is, preferably, the radiation detec-
tor set above, further comprises: a plurality of reflecting
plates that extend in the crosswise direction and the length-
wise direction in the third layer and the fourth layer of the
scintillator as well. Reflecting plates that extend in the cross-
wise direction are arranged in the lengthwise direction with
spacing equal to the size of one scintillator crystal so as to
alternate between the third layer and the fourth layer of the
scintillator. Reflecting plates that extend in the lengthwise
direction are arranged spanning the third layer and the fourth
layer of the scintillator and with spacing equal to the size of
two scintillator crystals in the crosswise direction. The
reflecting plates that extend in the crosswise direction and the
reflecting plates that extend in the lengthwise direction are
fitted together to structure a reflecting plate lattice that has the
same height as two layers of the scintillator.

Given the structure in the present disclosure, that which is
two reflecting plate lattices in the conventional structure is
combined to form a single reflecting plate lattice. The use of
such a structure simplifies the manufacturing of the scintilla-
tor. That is, in the radiation detector according to the present
disclosure, the number of reflecting plate lattices that must be
stacked when manufacturing the scintillator is reduced, mak-
ing the scintillator easy to manufacture. Moreover, the num-
ber of scintillator plate lattices that require manufacturing is
small, reducing also the number of parts required when manu-
facturing the scintillator. Consequently, the subject matter
according to the present disclosure makes it possible to pro-
vide an inexpensive radiation detector, wherein the scintilla-
tor can be manufactured more easily than with the conven-
tional structure.

Furthermore, given the present disclosure, two reflecting
plate lattices are combined together. There is no leeway for
positional misalignment between the reflecting plate lattices
that have been integrated together. Consequently, the subject
matter according to the present disclosure enables structuring
of a scintillator wherein the reflecting plate lattices are posi-
tioned more precisely, enabling the provision of a radiation
detector with higher detection accuracy.

Moreover, the subject matter of the present disclosure
makes it possible to insert the scintillator crystals easily into
the reflecting plate lattices when manufacturing the scintilla-
tor. This is because the integration of the reflecting plate
lattices keeps the scintillator crystals from catching at the
joints between reflecting plate lattices.

Furthermore, the subject matter according to the present
disclosure enables the structuring of a reflecting plate lattice
having ideal reflection characteristics. This is because the
integration of the reflecting plate lattices does not produce a
phenomenon wherein the fluorescence is not reflected at the
joints between reflecting plate lattices.

Moreover, preferably, in a radiation detector as set forth
above, slots that extend in the height direction are provided in
the reflecting plates that extend in the crosswise direction and
the reflecting plates that extend in the lengthwise direction.
The reflecting plate lattice is structured so that the slots pro-
vided in the reflecting plates that extend in the crosswise
direction and the slots in the reflecting plates that extend in the
lengthwise direction fit together.

The structure described above illustrates a more specific
structure for the radiation detector according to the present
disclosure. Structuring the reflecting plate lattice by fitting
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together slots that are provided in the reflecting plates that
extend in the crosswise direction and slots that are provided in
the reflecting plates that extend in the lengthwise direction
enables the reflecting plate lattice to be structure more reli-
ably.

Moreover, preferably, in a radiation detector as set forth
above, notches into which the reflecting plates that extend in
the crosswise direction in the third layer of the scintillator are
inserted, are provided in the reflecting plates that extend in the
lengthwise direction that are provided spanning the first layer
and the second layer of the scintillator.

Moreover, preferably, in a radiation detector as set forth
above, notches into which the reflecting plates that extend in
the crosswise direction in the second layer of the scintillator
are inserted, are provided in the reflecting plates that extend in
the lengthwise direction that are provided spanning the third
layer and the fourth layer of the scintillator.

Moreover, preferably, in a radiation detector as set forth
above, notches into which the reflecting plates that extend in
the crosswise direction and that span the third layer and the
fourth layer of the scintillator are inserted, are provided in the
reflecting plates that extend in the lengthwise direction that
are provided in the second layer of the scintillator.

Moreover, preferably, in a radiation detector as set forth
above, notches into which the reflecting plates that extend in
the crosswise direction and that span the first layer and the
second layer of the scintillator are inserted, are provided in the
reflecting plates that extend in the lengthwise direction that
are provided in the third layer of the scintillator.

The structure described above illustrates a more specific
structure for the radiation detector according to the present
disclosure. So that there will be no misalignment between the
two reflecting plate lattices that are provided in the scintilla-
tor, the provision, in one of the reflecting plate lattices, of
notches into which the other reflecting plate lattice fits makes
it easier to insert the scintillator crystals when manufacturing
the scintillator.

Moreover, preferably, in a radiation detector as set forth
above, the scintillator crystals are provided spanning the first
layer through the fourth layer of the scintillator.

Moreover, preferably, in a radiation detector as set forth
above, the scintillator crystals are provided separately in the
first layer through the fourth layer of the scintillator.

The subject matter according to the present disclosure can
be applied to scintillators of various types.

Moreover, preferably, a radiation detector as set forth
above further comprises a photodetector for detecting fluo-
rescence, connected optically to the scintillator.

The structure described above illustrates a more specific
structure for the radiation detector according to the present
disclosure. The provision of the photo detector enables the
fluorescence to be detected more reliably.

In the structure according to the present disclosure, that
which is two reflecting plate lattices in the conventional struc-
ture is combined together to form one reflecting plate lattice.
The use of such a structure makes manufacturing of the scin-
tillator easy. That is, the radiation detector according to the
present disclosure reduces the number of reflecting plate lat-
tices to be stacked when manufacturing the scintillator,
enabling the scintillator to be manufactured easily.

Furthermore, the number of reflecting plate lattices that
must be manufactured is reduced, reducing commensurately
the number of parts required when manufacturing the scintil-
lator. As a result, the subject matter according to the present
disclosure enables the scintillator to be manufactured more
easily than with the conventional structure, enabling the pro-
vision of an inexpensive radiation detector.
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Additional advantages and novel features will be set forth
in part in the description which follows, and in part will
become apparent to those skilled in the art upon examination
of the following and the accompanying drawings or may be
learned by production or operation of the examples. The
advantages of the present teachings may be realized and
attained by practice or use of various aspects of the method-
ologies, instrumentalities and combinations set forth in the
detailed examples discussed below.

BRIEF DESCRIPTIONS OF THE DRAWINGS

The drawing figures depict one or more implementations in
accord with the present teachings, by way of example only,
not by way of limitation. In the figures, like reference numer-
als refer to the same or similar elements.

FIG. 1 is a perspective diagram for explaining the structure
of a radiation detector according to a first embodiment;

FIG. 2is aplan view diagram for explaining the structure of
a scintillator according to the first embodiment;

FIG. 3is aplan view diagram for explaining the structure of
a scintillator according to the first embodiment;

FIG. 4is aplan view diagram for explaining the structure of
a reflecting plate according to the first embodiment;

FIG. 5 FIG. 1 is a perspective diagram for explaining the
structure of a reflecting plate lattice according to the first
embodiment;

FIG. 6 is aplan view diagram for explaining the structure of
a reflecting plate according to the first embodiment;

FIG. 7 is a schematic diagram for explaining the principle
for discriminating the location of the emission of the fluores-
cence for the height direction according to the first embodi-
ment;

FIG. 8 is a schematic diagram for explaining the principle
for discriminating the location of the emission of the fluores-
cence for the height direction according to the first embodi-
ment;

FIG. 9 is a schematic diagram for explaining the effects of
the structure according to the first embodiment;

FIG. 10 is a schematic diagram for explaining the effects of
the structure according to the first embodiment;

FIG. 11 is a schematic diagram for explaining the effects of
the structure according to the first embodiment;

FIG. 12 is a schematic diagram for explaining the effects of
the structure according to the first embodiment;

FIG. 13 is a schematic diagram for explaining the effects of
the structure according to the first embodiment;

FIG. 14 is a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 15 is a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 16 is a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 17 is a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 18 is a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 19 is a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 201s a schematic diagram for explaining one modified
example according to the present disclosure;

FIG. 21 is a perspective diagram for explaining a conven-
tional structure;

FIG. 22 is a perspective diagram for explaining a conven-
tional structure; and
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FIG. 23 is a perspective diagram for explaining a conven-
tional structure.

DETAILED DESCRIPTION
First Embodiment

(1) Overall Structure of the Radiation Detector 1

As illustrated in FIG. 1, a radiation detector 1 according to
a first embodiment comprises a scintillator 2 for converting
radiation into fluorescence; a photomultiplier tube (hereinaf-
ter termed a “PMT”), provided on the bottom face of the
scintillator 2, for detecting fluorescence emitted from the
scintillator 2; and a light guide 4, disposed at a location
interposed between the scintillator 2 and the PMT 3. The
PMT 3 is of a multi-anode type, able to discriminate the
location of the incident fluorescence for x and y (the cross-
wise and lengthwise location). The light guide 4 is provided
for guiding, to the PMT 3, the fluorescence that is emitted by
the scintillator 2. Consequently, the light guide 4 is optically
coupled to the scintillator 2 and the PMT 3. The PMT 3
corresponds to the photodetector in the present disclosure.
(2) Structure of the Scintillator

The scintillator 2 is structured through arranging, two-
dimensionally, in the x and y directions, scintillator crystals ¢
for converting radiation into fluorescence, and has four lay-
ers, a first layer L1 through a fourth layer L4, in the z direc-
tion. That is, the scintillator 2 is structured through arranging,
two-dimensionally, scintillator crystals ¢ that are of square
column shapes that are long and thin, extending in the z
direction (the height direction). Each individual scintillator
crystal ¢ is structured from Lu,, _y, Y, SiOs into which Ce
has been diftfused (hereinafter termed “LYSO”). Moreover,
each individual scintillator crystal ¢ is a rectangular solid that
measures, for example, 1.45 mm in the x direction, 1.45 mm
in the y direction, and 18 mm in the z direction. Moreover, the
four side faces of the scintillator 2 are coated with a reflective
coating, not shown. Each scintillator crystal ¢ is provided
spanning from the first layer L1 through the fourth layer [.4 of
the scintillator 2.

Note that the fluorescence that is emitted from the scintil-
lator 2 is identified by the PMT 3 that detects fluorescence,
connected optically to the scintillator 2 through the light
guide 4. That is, the PMT 3 is able to identify which scintil-
lator crystal ¢ produced the fluorescence that is emitted from
the scintillator 2. That is, the PMT 3 has a fluorescence
emission location discriminating function for the x direction
and the y direction of the scintillator 2.

The PMT 3 is able to discriminate the fluorescence emis-
sion location for the z direction of the scintillator 2 as well.
That is, the PMT 3 is able to discriminate which of the four
layers of the scintillator 2 it was that emitted the fluorescence.
That is, the scintillator 2 can be classified into four regions in
the z direction. The classifications at this time are termed,
sequentially, the first layer L1, the second layer 1.2, the third
layer L3, and the fourth layer [.4. Of these four layers, the
layer that is positioned on the incident face side that is the face
of the scintillator 2 on which the radiation is incident is the
first layer [.1, and the layer that is positioned on the side of the
scintillator 2 where the light guide 4 is the fourth layer [4.
The scintillator crystals ¢ that structure the scintillator 2 exist
extending over these layers L1, L.2, 1.3, and L4. The z-direc-
tion lengths of the individual layers [.1, .2, [.3, and 14 are set
to 4.5 mm each.

Transparent materials t through which fluorescence passes
are provided at positions interposed between mutually adja-
cent scintillator crystals ¢. The transparent materials t are
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formed also between the scintillator crystals ¢ and the reflect-
ing plates RX and RY. The transparent material t also fulfills
the role of forming the scintillator 2 by coupling the scintil-
lator crystals ¢ and the reflecting plates. The thickness of the
transparent material t is about 25 um between the scintillator
crystal c and the reflecting plates RX and RY, where thermally
curable resin made from a silicone resin can be used as the
material.

(3) Structure of the Reflecting Plates

The structure of the reflecting plate will be explained next.
The scintillator 2 is provided with reflecting plates RX that
extend in the x direction (the crosswise direction), and reflect-
ing plates RY that extend in the y direction (the lengthwise
direction), for reflecting the fluorescence, in the gaps between
mutually adjacent scintillator crystals. As illustrated in FIG.
1, the reflecting plates RX and RY are structured from plastic
film such as, for example, polyester film, located interposed
between mutually adjacent scintillator crystals ¢, with a thick-
ness of, for example, 125 um. The reflecting plates RX will be
explained first. FIG. 2 is a plan view diagram when a scintil-
lator according to the first embodiment is viewed from the zx
side end face thereof. As illustrated in FIG. 2, each of the
reflecting plates RX are plate shapes that extend in the y
direction and the z direction, where the reflecting plates RX
are interposed in the gaps between the scintillator crystals ¢ in
the first layer L.1. Moreover, the height thereof in the z direc-
tion is set at, for example, 4.5 mm. In this way, the reflecting
plates RX and each of the layers L1, 1.2, 1.3, and [.4 have
equal dimensions in the height direction. The reflecting plates
RX correspond to the reflecting plates that extend in the
crosswise direction in the present disclosure, and the reflect-
ing plates RY correspond to the reflecting plates that extend in
the lengthwise direction in the present disclosure.

In the first layer L1 and the second layer [.2, the reflecting
plates RYa that extend in the y direction are interposed in the
gaps between the scintillator crystals c. A reflecting plate RYa
is interposed between, for example, ¢(2,1) and ¢(3,1), from
among the 32 scintillator crystals c that are arranged in the x
direction. In this way, a scintillator crystal ¢ that is even-
numbered in the x direction is positioned adjacent to the
reflecting plate RYa on the left, and a scintillator crystal c that
is odd-numbered in the x direction is positioned adjacent to
the reflecting plate RYa to the right. Each individual reflecting
plate RYa is provided spanning the first layer L.1 and the
second layer L2, and a total of 15 of these are provided in the
scintillator 2 as a whole. The reflecting plates RYa not only
span the first layer [.1 and the second layer L2 of the scintil-
lator 2, but are also arranged at intervals, in the x direction, of
two scintillator crystals ¢. The dimensions of the reflecting
plates RYa in the z direction are set to, for example, 9 mm. In
this way, the dimension in the height direction of the reflect-
ing plates RYa is equal to the total height of the first layer [.1
and the second layer [.2.

Similarly, in the third layer L3 and the fourth layer 1.4, the
reflecting plates RYb that extend in the y direction are inter-
posed in the gaps between the scintillator crystals c. However,
the positions at which they are interposed are different from
those of the reflecting plates RYa. That is, a scintillator crystal
¢ that is odd-numbered in the x direction is positioned adja-
cent to the reflecting plate RYD on the left, and a scintillator
crystal ¢ thatis even-numbered in the x direction is positioned
adjacent to the reflecting plate RYb to the right. Each indi-
vidual reflecting plate RYD is provided spanning the third
layer L3 and the fourth layer 14, and a total of 16 of these are
provided in the scintillator 2 as a whole. The reflecting plates
RYDb not only span the third layer 1.3 and the fourth layer L4
of'the scintillator 2, but are also arranged at intervals, in the x
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direction, of two scintillator crystals c. The dimensions of the
reflecting plates RYD in the z direction are set to, for example,
9 mm. In this way, the dimension in the height direction of the
reflecting plates RYD is equal to the total height of the first
layer L1 and the second layer [.2.

The side end face on the yz side of a scintillator according
to the present embodiment will be explained next. FIG. 3 is a
plan view diagram when a scintillator according to the first
embodiment is viewed from the yz side end face thereof. As
illustrated in FIG. 3, reflecting plates RX that extend in the x
direction are interposed in the gaps between the scintillator
crystals ¢ in each of the layers. Moreover, the height thereofin
the z direction is set at, for example, 4.5 mm. All of the
reflecting plates RX are plate shapes, extending in the x
direction and the z direction.

The reflecting plates RX1 are reflecting plates that are
interposed in the gaps between the scintillator crystals ¢ in the
first layer L1 and the reflecting plates RX2 are reflecting
plates that are interposed in the gaps between the scintillator
crystals ¢ in the second layer [.2. Moreover, a reflecting plate
RX1 is interposed between, for example, ¢(32,2) and ¢(32,3),
from among the 32 scintillator crystals ¢ that are arranged in
the x direction. In this way, a scintillator crystal ¢ that is
even-numbered in the y direction is positioned adjacent to the
reflecting plate RX1 on the left, and a scintillator crystal ¢ that
is odd-numbered in the y direction is positioned adjacent to
the reflecting plate RX1 to the right. On that hand, in the
respective scintillator crystal layers the reflecting plates RX2
are interposed in positions that are different from those of the
reflecting plates RX1. That is, a scintillator crystal c that is
odd-numbered in the y direction is positioned adjacent to the
reflecting plate RX2 on the left, and a scintillator crystal c that
is even-numbered in the y direction is positioned adjacent to
the reflecting plate RX2 to the right. It is noted that 15 of these
reflecting plates RX1 are provided in the first layer .1 and 16
of'these reflecting plates RX2 are provided in the second layer
L2. In this way, the reflecting plates RX1 and RX2 are
arranged with a spacing equal to that of a single scintillator
crystal ¢, in the y direction, so as to appear alternatingly in the
first layer [.1 and the second layer [.2 of the scintillator 2. The
dimension of the reflecting plate RX1 in the height direction
is equal to the height of the first layer L1, and the dimension
of the reflecting plate RX2 in the height direction is equal to
the height of the second layer L.2.

The reflecting plates RX3 are reflecting plates that are
interposed in the gaps between the scintillator crystals ¢ in the
third layer [.3, where the locations at which the reflecting
plates RX3 are inserted into the scintillator 2 are the same as
those of the reflecting plates RX1. Similarly, the reflecting
plates RX4 are reflecting plates that are interposed in the gaps
between the scintillator crystals ¢ in the fourth layer 1.4,
where the locations at which the reflecting plates RX4 are
inserted into the scintillator 2 are the same as those of the
reflecting plates RX2. That is, a scintillator crystal ¢ that is
even-numbered in the y direction is positioned adjacent to the
reflecting plate RX3 on the left, and a scintillator crystal ¢ that
is odd-numbered in the y direction is positioned adjacent to
the reflecting plate RX3 to the right. Moreover, a scintillator
crystal ¢ that is odd-numbered in the y direction is positioned
adjacent to the reflecting plate RX4 on the left, and a scintil-
lator crystal ¢ that is even-numbered in the y direction is
positioned adjacent to the reflecting plate RX4 to the right. It
is noted that 15 of these reflecting plates RX3 are provided in
the third layer 1.3 and 16 of these reflecting plates RX4 are
provided in the fourth layer L4. In this way, the reflecting
plates RX3 and RX2 are arranged with a spacing equal to that
of a single scintillator crystal ¢, in the y direction, so as to
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appear alternatingly in the third layer L3 and the fourth layer
L4 of the scintillator 2. The dimension of the reflecting plate
RX3 in the height direction is equal to the height of the third
layer L3, and the dimension of the reflecting plate RX4 in the
height direction is equal to the height of the fourth layer L4.
(4) The Reflecting Plate Lattices: The Most Distinctive Struc-
tures in the Present Disclosure

The radiation detector 1 according to the present disclosure
is distinctive in regards to its reflecting plate lattices, so this
will be explained. The reflecting plate lattice is a lattice-
shaped structural object that is structured by fitting together
reflecting plates RX that extend in the x direction and reflect-
ing plates RY that extend in the y direction.

FIG. 4 is a plan view diagram illustrating the structure of
the reflecting plates RX1 that are provided in the first layer
L1, the reflecting plates RYa that are provided spanning the
firstlayer L1 and the second layer 1.2, and the reflecting plates
RX2 that are provided in the second layer [.2. Slots that
extend in the 7z direction (corresponding to the vertical direc-
tion in FIG. 4) are provided in the reflecting plates RX1.
These slots are provided for the purpose of fitting the reflect-
ing plates RYa therein, and are provided in a quantity equal to
the number of reflecting plates RYa, with a spacing distance D
that corresponds to twice the x-direction width of the scintil-
lator crystals ¢ that structure the scintillator 2. Given this, the
slots are provided so that openings will appear at one of the
two end portions, in the z direction, of the reflecting plates
RX1. The z-direction length of the slots is equal to the length
of half of the reflecting plate RX1. The distance in the x
direction (corresponding to the left/right direction in FIG. 4)
in the reflecting plate RX1 from the end portion thereof to the
slot that is provided nearest to the end portion is equal to the
distance D.

Slots that extend in the z direction (corresponding to the
vertical direction in FIG. 4) are provided in the reflecting
plates RYa. These slots are provided for the purpose of fitting
the reflecting plates RX1 therein, and are provided in a quan-
tity equal to the number of reflecting plates RX1, with a
spacing distance D that corresponds to twice the y-direction
width of the scintillator crystals ¢ that structure the scintillator
2. Given this, the slots are provided so that openings will
appear at one of the two end portions, in the z direction, of the
reflecting plates RYa. The z-direction length of the slots is
equal to the length of half of the reflecting plate RX1. The
distance in the y direction (corresponding to the left/right
direction in FIG. 1) in the reflecting plate RYa from the end
portion thereof to the slot that is provided nearest to the end
portion is equal to the distance D.

Slots that extend in the z direction (corresponding to the
vertical direction in FIG. 4) are provided in the reflecting
plates RYa into which the reflecting plates RX2 will fit, sepa-
rate from the slots into which the reflecting plates RX1 will
fit. These slots are provided in a quantity equal to the number
of reflecting plates RX2, with a spacing distance D that cor-
responds to twice the y-direction width of the scintillator
crystals ¢ that structure the scintillator 2. Given this, the slots
are provided so that the openings will appear at end portions
the opposite side, in the z direction of the reflecting plates
RYa, from the end portions wherein the slots are provided for
fitting together with the reflecting plates RX1. The z-direction
length of the slots is equal to the length of halfofthe reflecting
plate RX2. The distance d in the y direction (corresponding to
the left/right direction in FIG. 1) in the reflecting plate RYa
from the end portion thereof'to the slot that is provided nearest
to the end portion is equal to the y-direction width of a single
scintillator crystal c.
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Slots that extend in the z direction (corresponding to the
vertical direction in FIG. 4) are provided in the reflecting
plates RX2. These slots are provided for the purpose of fitting
the reflecting plates RYa therein, and are provided in a quan-
tity equal to the number of reflecting plates RYa, with a
spacing distance D that corresponds to twice the x-direction
width of the scintillator crystals ¢ that structure the scintillator
2. Given this, the slots are provided so that openings will
appear at one of the two end portions, in the z direction, of the
reflecting plates RX2. The z-direction length of the slots is
equal to the length of half of the reflecting plate RX2. The
distance in the x direction (corresponding to the left/right
direction in FIG. 4) in the reflecting plate RX1 from the end
portion thereof to the slot that is provided nearest to the end
portion is equal to the distance D.

Inthe structure explained using FIG. 4, the reflecting plates
RX1 and the reflecting plates RX2 are members of identical
structures. That is, if the reflecting plates RX1 were turned
upside down to reverse top and bottom in FIG. 4, the structure
would be identical to that of the reflecting plates RX2.

The result of combining such reflecting plates RX1, RYa,
and RX2, through fitting them together, is a reflecting plate
lattice Wa. The reflecting plate lattice Wa is formed through
fitting together the reflecting plates RX1 and RYa by causing
the slots that extend in the z direction that are provided in the
reflecting plates RX1 to be coincident with the locations of
the slots that extend in the z direction that are provided in the
reflecting plates RYa and then fitting the slots together, and by
causing the slots that are provided in the reflecting plates RX2
to be coincident with the locations of the slots provided in the
reflecting plates RYa, and then fitting them together.

FIG. 5 is a perspective diagram illustrating the reflecting
plate lattice Wa that is structured in this way. The reflecting
plate lattice Wa has a height of two layers, the first layer L1
and the second layer 1.2 in the scintillator 2, and is structured
through arranging the reflecting plates RYa so as to be equally
spaced in the y direction, with a spacing of twice the width of
the scintillator crystals c. The reflecting plates RX1 that are
provided in the first layer [.1 of the reflecting plate lattice Wa
are arranged in the x direction with a spacing that is equal to
the x-direction width of two scintillator crystals ¢, and the
reflecting plates RX2 that are provided in the second layer 1.2
are arranged in the x direction with a spacing that is equal to
the x-direction width of two scintillator crystals c. Moreover,
the reflecting plates RX1 and the reflecting plates RX2 are
provided so as to appear alternatingly with spacing equal to
the width of a single scintillator crystal c.

FIG. 6 is a plan view diagram illustrating the structure of
the reflecting plates RX3 that are provided in the third layer
L3, the reflecting plates RYb that are provided spanning the
third layer L3 and the fourth layer [.4, and the reflecting plates
RX4 that are provided in the second layer [.2. While the
reflecting plates RX3 are structured identically to the reflect-
ing plates RX1, described above, the locations of the slots are
different. That is, the distance d in the x direction (corre-
sponding to the left/right direction in FIG. 4) in the reflecting
plates RX3 from the end portion thereof to the slot that is
provided nearest to the end portion is equal to the x-direction
width of a single scintillator crystal c.

The reflecting plates RYD are structured identically to the
reflecting plates RYa explained in FIG. 4. Moreover, the
reflecting plates RX4 are members that are structured identi-
cally to the reflecting plates RX3. That is, if the reflecting
plates RX3 were turned upside down to reverse top and bot-
tom in FIG. 6, the structure would be identical to that of the
reflecting plates RX4.
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The result of combining such reflecting plates RX3, RYb,
and RX4, through fitting them together, is a reflecting plate
lattice Wb. The reflecting plate lattice Wb is formed through
fitting together the reflecting plates RX3 and RYb by causing
the slots that extend in the z direction that are provided in the
reflecting plates RX3 to be coincident with the locations of
the slots that extend in the z direction that are provided in the
reflecting plates RYb and then fitting the slots together, and by
causing the slots that are provided in the reflecting plates RX4
to be coincident with the locations of the slots provided in the
reflecting plates RYb, and then fitting the reflecting plates
RX4 and RYb together.

The reflecting plate lattice Wb that is structured in this way
has a height of two layers, the third layer L3 and the fourth
layer L4 in the scintillator 2, and is structured through arrang-
ing the reflecting plates RYb so as to be equally spaced in the
y direction, with a spacing of twice the width of the scintil-
lator crystals c. The reflecting plates RX3 that are provided in
the third layer L3 of the reflecting plate lattice Wb are
arranged in the x direction with a spacing that is equal to the
x-direction width of two scintillator crystals ¢, and the reflect-
ing plates RX4 that are provided in the fourth layer 1.4 are
arranged in the x direction with a spacing that is equal to the
x-direction width of two scintillator crystals c. Moreover, the
reflecting plates RX3 and the reflecting plates RX4 are pro-
vided so as to appear alternatingly with spacing equal to the
width of a single scintillator crystal c.

In this way, the scintillator 2 is provided with two reflecting
plate lattices Wa and Wb, stacked in the z direction. the
scintillator crystals ¢ that structure the scintillator 2 are
arranged in the lengthwise and crosswise directions so as to
fill the individual partitions that are formed by the reflecting
plates RX and RY that structure the reflecting plate lattices
Wa and Wb.
<Fluorescence Emission Location Discriminating Method>

The method for discriminating the location of emission of
the fluorescence in the X, y, and z directions in the radiation
detector 1 according to the first embodiment will be explained
next. A y ray that is incident into the scintillator 2 is converted
into fluorescence in one of four regions. This fluorescence
advances in the direction of the light guide 4, and is incident
into the PMT 3 through the light guide 4. The PMP 3 is of a
multiple-anode, and is structured so that the voltage of the
detection signal, which is outputted depending on the location
of incidence, changes in a stepwise manner. In this way, it is
possible to identify the locations, in the x and y directions, of
the fluorescence that is incident into the PMT.

The method for identifying the location of emission of the
fluorescence in the z direction of the radiation detector will be
explained referencing FIG. 7 and FIG. 8. As illustrated in
FIG. 7 and FIG. 8, in the four regions of the scintillator 2, the
locations in which the reflecting plates RX and the reflecting
plates RY are interposed are mutually different. Using FIG. 7
and FIG. 8 to look at the scintillator crystal ¢(2,2) that is
located at (2,2), indicated by the diagonal lines in FIG. 7 and
FIG. 8, the directions wherein the reflecting plates RX and RY
are interposed in the four regions are mutually different. The
fluorescence that is produced by a scintillator crystal ¢ arrives
atthe PMT 3 while expanding in the x and y directions, but the
provision of the reflecting plates RX and RY applies direc-
tionality to the expansion. Furthermore, if fluorescence pro-
duced in the individual layers the L1, [.2, [.3, and [.4 at
identical X, y locations were to be compared, the directions in
which the spreading occurs will be mutually different. That is,
the differences in the fluorescence emission location in the z
direction of the scintillator 2 are converted into differences in
the x, and y directions of the fluorescence. The PMT 3 is able
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to detect small shifts of the fluorescence in the x, y directions
arising from differences in the locations in the z direction, and
the individual layer L1, L.2, 1.3, or L4 that is the location, in
the z direction, from which the fluorescence is emitted can be
identified thereby.

<Effects Obtained through The Structures in the Present Dis-
closure>

Multiple effects can be produced through the use of the
structure having the two reflecting plate lattices Wa and Wb in
the scintillator 2 that has four layers, as in the present disclo-
sure. These effects will be explained in order.
<Effect of the Present Disclosure: Simplification of Stacking
of'the Reflecting Plate Lattices>

With the scintillator 2 according to the present disclosure,
the assembly is simplified when compared to the conven-
tional structure having individual reflecting plate lattices for
each ofthe four layers. Firstly, with the conventional structure
it is necessary to stack, in four layers, the respective reflecting
plate lattices that have been assembled individually, and then
to arrange the scintillator crystals ¢ so as to fill each of the
partitioned spaces that are formed by the reflecting plate
lattices. In the conventional structure, merely stacking the
reflecting plate lattices four-high is difficult to begin with. In
contrast, with the structure of the present embodiment there
are only two reflecting plate lattices to be stacked, making the
stacking of the reflecting plate lattices easier.

Moreover, with the subject matter according to the present
disclosure, it is possible to reduce the number of reflecting
plates that are required when manufacturing the scintillator 2.
That is, the reflecting plates RY according to the present
disclosure are structured so as to combine what is two reflect-
ing plates in the conventional structure. Consequently, in the
present disclosure, what has required two reflecting plates
conventionally can be replaced by a single reflecting plate RY.
Consequently, the subject matter according to the present
disclosure enables the manufacturing of the scintillator 2 with
fewer parts than has been conventional, enabling streamlining
of the manufacturing of the scintillator 2, when compared to
that which is conventional.
<Effect of the Present Disclosure: Precise Placement of the
Reflecting Plates>

Moreover, the subject matter according to the present dis-
closure enables the reflecting plates to be arranged with pre-
cision. FIG. 9 and FIG. 10 are for explaining the reason for
this. When the reflecting plate lattices are to be stacked, the
reflecting plates in one of the reflecting plate lattices make
contact with the reflecting plates belonging to the other
reflecting plate lattice. This contact can come in two types.

FIG. 9 illustrates one of the types of contact. As illustrated
on the left side in FIG. 9, when reflecting plates contact each
other mutually perpendicularly, the reflecting plates cross, as
illustrated on the right side in FIG. 9. In this state, the top
reflecting plate is supported by a point on the bottom reflect-
ing plate, where the location on the reflecting plates is deter-
mined uniquely. When stacking reflecting plate lattices, this
type of contact is preferred.

FIG. 10 shows the other type of contact. In the case wherein
mutually parallel reflecting plates contact each other, as illus-
trated on the left side of FIG. 10, the stacking, as illustrated on
the right side in FIG. 10, does not go well, as it does in FIG.
9. In the case in FIG. 10, the top reflecting plate is supported
by a line on the bottom reflecting plate. When this is done,
there only needs to be support on one point on the line, even
if the top reflecting plate lattice is not supported on an entire
line. The result is that it is possible for the top supporting plate
to be misaligned relative to the bottom supporting plate,
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because the locations of the supporting plates are not defined
uniquely. When stacking supporting plate lattices, this type of
contact should be avoided.

In the present disclosure, the type of contact illustrated in
FIG. 9 occurs when stacking the two reflecting plate lattices.
Consequently, the reflecting plate lattices are stacked together
in a state wherein the correct positional relationship is main-
tained without misalignment. On the other hand, in the con-
ventional structure, the type of contact illustrated in FIG. 10
occurs when stacking the reflecting plate lattices in four lay-
ers. Consequently, with the conventional structure, stacking
the four layers of reflecting plate lattices with good precision
is difficult.

In the scintillator 2, when reflecting plates are inserted at
the correct locations, that alone causes the fluorescence to be
detected by the PMT 3 in the ideal state. Consequently, the
present disclosure enables the provision of a radiation detec-
tor 1 with improved spatial resolution.
<Effect of the Present Disclosure: Simplification of Insertion
of the Scintillator Crystals c>

Moreover, the structure according to the present disclosure
causes the manufacturing of the scintillator 2 to be easier for
another reason, in addition to the ease of stacking the reflect-
ing plate lattices Wa and Wb. Specifically, the insertion of the
scintillator crystals ¢ into the stacked reflecting plate lattices
Wa and Wb is easier.

The left-hand side of FIG. 11 shows the state wherein the
scintillator crystals ¢ are loaded into the two-layer stack of the
reflecting plate lattices Wa and Wb. At this time, the scintil-
lator crystals c are inserted into the reflecting plate lattices Wa
and Wb while in contact with the reflecting plates RYa and
RYD. The right-hand side of FIG. 11 shows the state wherein,
when inserting a scintillator crystal ¢, the scintillator crystal ¢
is slid downward while a side face of the scintillator crystal ¢
maintains contact with a reflecting plate RYa. The reflecting
plate RYa has a smooth face, without indentations and pro-
trusions, so the scintillator crystal ¢ that is inserted slides
downward smoothly without catching on the reflecting plate
RYa.

In contrast, with a scintillator 2 of the conventional struc-
ture, insertion of the scintillator crystal ¢ into the reflecting
plate lattices is difficult. The left-hand side in FIG. 12 shows
the state wherein the scintillator crystals ¢ are loaded into the
four-layer stack of reflecting plate lattices W1, W2, W3, and
W4. At this time as well, the scintillator crystal ¢ is inserted
into the reflecting plate lattices W1, W2, W3, and W4 while in
contact with the reflecting plates. The right-hand side in FIG.
12 shows the state wherein, when inserting a scintillator crys-
tal ¢, the scintillator crystal ¢ is slid downward while a side
face of the scintillator crystal ¢ maintains contact with a
reflecting plate. With the conventional structure, the structure
has two reflecting plates that abut each other in the z direction,
instead of the reflecting plate RYa according to the present
disclosure. Consequently, in the scintillator 2 according to the
conventional structure, there will be a gap between the
reflecting plates that abut each other in the z direction. This
gap makes insertion of the scintillator crystal ¢ difficult.

The scintillator plates are manufactured through cutting
sheet plastic material. Consequently, the edges of the reflect-
ing plates will curl as illustrated in the right-hand side of FIG.
12. Because of this, barbs (right side of FIG. 12) will be
produced by the curling of the reflecting plates at the gap
between the reflecting plates of the conventional structure.
The scintillator crystal c that is being inserted catches on this
barb, preventing it from sliding in smoothly.

With the subject matter of the present disclosure, the num-
ber of reflecting plates that structure the reflecting plate lat-

10

15

20

25

30

35

40

45

50

55

60

65

14

tices is reduced extremely, reducing the number of barbs that
appear at the edge portions of the reflecting plates that are
included in the reflecting plate lattices, when compared to the
conventional structure. As a result, the invention according to
the present disclosure causes the insertion of the scintillator
crystals ¢, when manufacturing the scintillator 2, to be easier
than with the conventional structure.

<Effect of the Present Disclosure: Reduction of Reflection
Loss>

With the scintillator 2 according to the present disclosure,
there is no gap between reflecting plates that abut in the z
direction. This is because, in the scintillator 2 according to the
present disclosure, there are no reflecting plates that abut in
the z direction to begin with. Because, in the invention
according to the present disclosure, there are no such gaps,
this can reduce the reflection loss in the reflecting plate lat-
tices. This effect will be described in detail.

FIG. 13 explains what types of differences there are in the
expansion of the fluorescence between the cases wherein
there are and are not gaps between reflecting plates that abut
in the z direction. The left-hand side of FIG. 13 is for the
structure according to the present disclosure. As illustrated in
the left-hand side of FIG. 13, the fluorescence that is emitted
at the emission point p within the scintillator crystal ¢ is
reflected by the reflecting plate RYa while expanding radially.
The reflection by this reflecting plate RYa is in the ideal state.

The right-hand side of FIG. 13 shows the conventional
structure. As illustrated on the right-hand side of FIG. 13, the
fluorescence that is emitted from the emission point p within
the scintillator crystal c is reflected by two reflecting plates
while expanding radially. At this time, the fluorescence that is
incident into the gap between the reflecting plates is not
reflected, but rather enters into the adjacent scintillator crystal
c. Needless to say, the reflections by these reflecting plates are
not ideal.

That is, when compared to that which is conventional, the
reflecting plate lattices Wa and Wb according to the present
disclosure reflect the fluorescence ideally. The detection pre-
cision of the radiation detector 1 can be improved through
approaching the ideal reflections of the fluorescence within
the scintillator 2 through the use of the reflecting plate lattices
Wa and Wb according to the present disclosure.

With the structure as disclosed above, two reflecting plate
lattices in the conventional structure are combined into a
single reflecting plate lattice Wa. The use of such a structure
simplifies manufacturing of the scintillator 2. That is, the
radiation detector 1 according to the present disclosure
reduces the number of reflecting plate lattices that are stacked
when manufacturing the scintillator 2, enabling the scintilla-
tor 2 to be manufactured easily. Moreover, because the num-
ber of reflecting plate lattices that must be manufactured is
reduced, this reduces commensurately the number of compo-
nents required when manufacturing the scintillator 2. Conse-
quently, the subject matter according to the present disclosure
enables the scintillator 2 to be manufactured more easily than
with the conventional structure, enabling the provision of an
inexpensive radiation detector 1.

Furthermore, given the present disclosure, the two reflect-
ing plate lattices of the conventional structure are combined
together. There is no leeway for positional misalignment
between the reflecting plate lattices that have been integrated
together. Consequently, the subject matter according to the
present disclosure enables structuring of a scintillator
wherein the reflecting plate lattices Wa and Wb are positioned
more precisely, enabling the provision of a radiation detector
with higher detection accuracy.
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Moreover, the subject matter of the present disclosure
makes it possible to insert the scintillator crystals ¢ easily into
the reflecting plate lattices Wa and Wb when manufacturing
the scintillator 2. This is because the integration of what, in
the conventional structure, is two reflecting plate lattices
keeps the scintillator crystals ¢ from catching at the joints
between reflecting plate lattices.

Furthermore, the subject matter according to the present
disclosure enables the structuring of reflecting plate lattices
Wa and Wb having ideal reflection characteristics. This is
because the integration of what, in the conventional structure,
is two reflecting plate lattices does not produce a phenomenon
wherein the fluorescence is not reflected at the joints between
reflecting plate lattices.

The present subject matter is not limited to the structure set
forth above, but rather may be embodied with modifications
such as described below.

(1) In addition to the structure in the first embodiment, the
present subject matter may be provided with a structure such
that there will be no positional misalignment between the
reflecting plate lattices Wa and Wb. That is, as illustrated in
FIG. 14, notches may be provided in the reflecting plates RYa
that belong to the reflecting plate lattice Wa, and the reflecting
plates RX3 that belong to the reflecting plate lattice Wb may
be inserted into these notches. When this is done, the reflect-
ing plate lattices Wa and Wb will fit together with the reflect-
ing plates RX3 in the notches when the reflecting plate lattices
Wa and Wb are stacked when manufacturing the scintillator 2.
As a result, there will be no positional misalignment between
the stacked reflective plate lattices, making the subject matter
of the scintillator crystals ¢ easier.

FIG. 15 explains in particular the notches that are provided
in the reflecting plates RYa. The notches are provided on the
end portion sides of those reflecting plates RYa that are pro-
vided with the slots for fitting with the reflecting plates RX2,
where the distance d between the slot for fitting with the
reflecting plates RX2 and the notch is the size of a single
scintillator crystal c. On the reflecting plates RYa, the notches
are provided at equal spacing, with the width of two scintil-
lator crystals c. The reflecting plates RYa have the same
number of notches as the number of reflecting plates RX3 that
structure the reflecting plate lattice Wb. The locations, in the
y direction, of the notches that are provided in the reflecting
plates RYa are coincident with the locations, in the y direc-
tion, of the slots for fitting the reflecting plates RX1.

The provision of notches in the one reflecting plate lattice
Wa for fitting the other reflecting plate lattice Wb so that the
two reflecting plate lattices Wa and Wb in the scintillator 2 do
not become positionally misaligned makes it easier to insert
the scintillator crystals ¢ when manufacturing the scintillator
2.

(2) Similarly, notches may be provided in the reflecting
plates RYb that belong to the reflecting plate lattice Wb, and
the reflecting plates RX2 that belong to the reflecting plate
lattice Wa may be inserted into these notches. FIG. 16
explains in particular the notches that are provided in the
reflecting plates RYb. The notches are provided on the end
portion sides of those reflecting plates RYb that are provided
with the slots for fitting with the reflecting plates RX2, where
the distance d between the slot for fitting with the reflecting
plates RX2 and the notch is the size of a single scintillator
crystal c. On the reflecting plates RYb, the notches are pro-
vided at equal spacing, with the width of two scintillator
crystals c. The reflecting plates RYDb have the same number of
notches as the number of reflecting plates RX2 that structure
the reflecting plate lattice Wa. The locations, in the y direc-
tion, of the notches that are provided in the reflecting plates

30

40

45

50

55

16

RYb are coincident with the locations, in the y direction, of
the slots for fitting the reflecting plates RX4.

(3) Similarly, notches may be provided in the reflecting
plates RX2 that belong to the reflecting plate lattice Wa, and
the reflecting plates RYb that belong to the reflecting plate
lattice Wb may be inserted into these notches. FIG. 17
explains in particular the notches that are provided in the
reflecting plates RX2. The notches are provided on the end
portion sides of those reflecting plates RX2 opposite of those
and portions that are provided with the slots for fitting with
the reflecting plates RYa, where the distance d between the
slot for fitting with the reflecting plates RYa and the notch is
the size of a single scintillator crystal c. On the reflecting
plates RX2, the notches are provided at equal spacing, with
the width of two scintillator crystals ¢. The reflecting plates
RX2 have the same number of notches as the number of
reflecting plates RYa that structure the reflecting plate lattice
Wh.

(4) Similarly, notches may be provided in the reflecting
plates RX3 that belong to the reflecting plate lattice Wb, and
the reflecting plates RYa that belong to the reflecting plate
lattice Wa may be inserted into these notches. FIG. 18
explains in particular the notches that are provided in the
reflecting plates RX3. The notches are provided on the end
portion sides of those reflecting plates RX3 opposite of those
and portions that are provided with the slots for fitting with
the reflecting plates RYa, where the distance d between the
slot for fitting with the reflecting plates RYa and the notch is
the size of a single scintillator crystal c. On the reflecting
plates RX3, the notches are provided at equal spacing, with
the width of two scintillator crystals ¢. The reflecting plates
RX3 have the same number of notches as the number of
reflecting plates RYa that structure the reflecting plate lattice
Wa.

(5) While the four layers in the scintillator 2 according to
the first embodiment all have the same widths, the present
disclosure is not limited thereto. As illustrated in FIG. 19, the
structure may also be one wherein the widths of the four
layers are different.

(6) While the scintillator crystals ¢ in the first embodiment
were provided spanning the four layers of the scintillator, the
present disclosure is not limited thereto. Instead, as illustrated
in FIG. 20, the structure may be one wherein there are sepa-
rate scintillator crystals ¢ for each of the first layer [.1 through
fourth layer L4 of the scintillator 2.

(7) The light guide 4 in the present disclosure is not impera-
tive, but instead the structure may be one wherein the scintil-
lator 2 and the PMT 3 are coupled directly.

(8) The third layer L3 and the fourth layer [.4 of the scin-
tillator 2 may be structured as conventionally, or the first layer
L1 and the second layer L2 of the scintillator 2 may be
structured as conventionally.

(9) The fluorescence detecting device in the present disclo-
sure need not necessarily be a PMT, but rather an SiPM may
be used instead of the PMT.

(10) The structure of the invention according to the present
disclosure may be one wherein, two or more of the modified
examples (1) through (9), set forth above, are provided. More-
over, the structure may be one wherein all of the modified
examples set forth above are provided.

Unless otherwise stated, all measurements, values, ratings,
positions, magnitudes, sizes, and other specifications that are
set forth in this specification, including in the claims that
follow, are approximate, not exact. They are intended to have
a reasonable range that is consistent with the functions to
which they relate and with what is customary in the art to
which they pertain.
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The scope of protection is limited solely by the claims that
now follow. That scope is intended and should be interpreted
to be as broad as is consistent with the ordinary meaning of
the language that is used in the claims when interpreted in
light of this specification and the prosecution history that
follows and to encompass all structural and functional
equivalents. Notwithstanding, none of the claims are intended
to embrace subject matter that fails to satisfy the requirement
of'Sections 101, 102, or 103 of the Patent Act, nor should they
be interpreted in such a way. Any unintended embracement of
such subject matter is hereby disclaimed.

Except as stated immediately above, nothing that has been
stated or illustrated is intended or should be interpreted to
cause a dedication of any component, step, feature, object,
benefit, advantage, or equivalent to the public, regardless of
whether it is or is not recited in the claims.

It will be understood that the terms and expressions used
herein have the ordinary meaning as is accorded to such terms
and expressions with respect to their corresponding respec-
tive areas of inquiry and study except where specific mean-
ings have otherwise been set forth herein. Relational terms
such as first and second and the like may be used solely to
distinguish one entity or action from another without neces-
sarily requiring or implying any actual such relationship or
order between such entities or actions. The terms “com-
prises,” “comprising,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element proceeded
by “a” or “an” does not, without further constraints, preclude
the existence of additional identical elements in the process,
method, article, or apparatus that comprises the element.

The Abstract of the Disclosure is provided to allow the
reader to quickly ascertain the nature of the technical disclo-
sure. It is submitted with the understanding that it will not be
used to interpret or limit the scope or meaning of the claims.
In addition, in the foregoing Detailed Description, it can be
seen that various features are grouped together in various
embodiments for the purpose of streamlining the disclosure.
This method of disclosure is not to be interpreted as reflecting
an intention that the claimed embodiments require more fea-
tures than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies in less
than all features of a single disclosed embodiment. Thus the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a sepa-
rately claimed subject matter.

While the foregoing has described what are considered to
be the best mode and/or other examples, it is understood that
various modifications may be made therein and that the sub-
ject matter disclosed herein may be implemented in various
forms and examples, and that the teachings may be applied in
numerous applications, only some of which have been
described herein. It is intended by the following claims to
claim any and all applications, modifications and variations
that fall within the true scope of the present teachings.

What is claimed is:

1. A radiation detector comprising:

a scintillator, wherein scintillator crystals for converting
radiation into the fluorescence are arranged in the cross-
wise and lengthwise directions of the scintillator, and
wherein a first, second, third and fourth layer are
arranged in the height direction of the scintillator; and

a plurality of reflecting plates that extend in the crosswise
direction or the lengthwise direction, for reflecting the
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fluorescence, in the gaps between mutually adjacent
scintillator crystals, wherein:

reflecting plates that extend in the crosswise direction are
arranged in the lengthwise direction with spacing equal
to the size of one scintillator crystal so as to alternate
between the first layer and the second layer of the scin-
tillator,

reflecting plates that extend in the lengthwise direction are
arranged spanning the first layer and the second layer of
the scintillator and with spacing equal to the size of two
scintillator crystals in the crosswise direction, and

the reflecting plates that extend in the crosswise direction
and the reflecting plates that extend in the lengthwise
direction are fitted together to structure a reflecting plate
lattice that has the same height as two layers of the
scintillator.

2. The radiation detector as set forth in claim 1, further

comprising:

a plurality of reflecting plates extending in the crosswise
direction and the lengthwise direction in the third layer
and the fourth layer of the scintillator , wherein:

reflecting plates extending in the crosswise direction are
arranged in the lengthwise direction with spacing equal
to the size of one scintillator crystal so as to alternate
between the third layer and the fourth layer of the scin-
tillator,

reflecting plates extending in the lengthwise direction are
arranged spanning the third layer and the fourth layer of
the scintillator and with spacing equal to the size of two
scintillator crystals in the crosswise direction, and

the reflecting plates that extend in the crosswise direction
and the reflecting plates that extend in the lengthwise
direction are fitted together to structure a reflecting plate
lattice that has the same height as two layers of the
scintillator.

3. The radiation detector as set forth in claim 2, wherein
notches, into which the reflecting plates that extend in the
crosswise direction in the third layer of the scintillator are
inserted, are provided in the reflecting plates that extend in the
lengthwise direction that are provided spanning the first layer
and the second layer of the scintillator.

4. The radiation detector as set forth in claim 2, further
comprising:

notches, into which the reflecting plates that extend in the
crosswise direction in the second layer of the scintillator
are inserted, are provided in the reflecting plates that
extend in the lengthwise direction that are provided
spanning the third layer and the fourth layer of the scin-
tillator.

5. The radiation detector as set forth in claim 2, further

comprising:

notches, into which the reflecting plates that extend in the
lengthwise direction that span the third layer and the
fourth layer of the scintillator are inserted, are provided
in the reflecting plates that extend in the crosswise direc-
tion that are provided in the second layer of the scintil-
lator.

6. The radiation detector as set forth in claim 2, further

comprising:

notches, into which the reflecting plates that extend in the
lengthwise direction that span the first layer and the
second layer of the scintillator are inserted, are provided
in the reflecting plates that extend in the crosswise direc-
tion that are provided in the third layer of the scintillator.

7. The radiation detector as set forth in claim 6, wherein the
scintillator crystals are provided spanning the first layer
through the fourth layer of the scintillator.
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8. The radiation detector as set forth in claim 6, wherein
scintillator crystals are provided individually in each of the
first layer through fourth layer of the scintillator.

9. The radiation detector as set forth in claim 8, further
comprising:

aphotodetector for detecting fluorescence, connected opti-

cally to the scintillator.

10. The radiation detector as set forth in claim 1, wherein:

slots that extend in the height direction are provided in the

reflecting plates that extend in the crosswise direction
and the reflecting plates that extend in the lengthwise
direction; and

the reflecting plate lattice is structured so that the slots

provided in the reflecting plates that extend in the cross-
wise direction and the slots in the reflecting plates that
extend in the lengthwise direction fit together.
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